Haemophilia is a hereditary and lifelong bleeding disorder which affects males and is transmitted by apparently normal females. Bleeding commonly occurs after trauma, and in the severely affected patient may occur apparently spontaneously. The haemostatic defect is due to total or partial deficiency of factor VIII (anti-haemophilic factor, anti-haemophilic globulin, AHG, AHF) and the severity of the bleeding is fairly well correlated with the level of the factor in the blood (Table I) . Complete deficiency of factor VIII is found in severe classical haemophilia and is associated with spontaneous haemorrhages into muscles and joints with crippling. The patient with only partial deficiency of factor VIII is usually spared haemarthroses and may bleed only after injury or surgical operations. Tendency to excessive bleeding after major trauma; often not diagnosed Severe bleeding after minor trauma or surgical operations [1] [2] [3] [4] [5] Gross bleeding after minor injuries; some haemarthroses and 'spontaneous' bleeding 0 Severe haemophilia; haemarthroses and crippling; deep tissue haemorrhages Incidence Haemophilia is by far the commonest of the hereditary haemorrhagic disorders (Table II) , though the total number of haemophiliacs in the *In the Personal Practice series of articles authors are invited to give their own views on some current practical problem. community is small. There are thought to be approximately 3000 to 4000 severely affected haemophiliacs in the United Kingdom, and there may be as many again who are mildly affected with the condition. The Approximately one-third of haemophiliacs have no family history of the condition and presumably in these people the condition has arisen as a result [1969] [1970] Age Group (yr) No. of Patients Factor VIII It is generally accepted that the haemostatic and coagulation defects in haemophilia are due to absence of an essential clotting factor from the blood. This factor is variously known as antihaemophilic factor (AHF), anti-haemophilic globulin (AHG), or factor VIII. Factor VIII is thought to be a glycoprotein with a molecular weight of at least 2,000,000. Its site of synthesis in the body is not known but it is made probably throughout the reticuloendothelial system. The factor is labile on storage and deteriorates at a variable rate in blood stored at +4 'C. The half-life of factor VIII transfused into a haemophiliac is of the order of 12 hours. This fact must be remembered when planning transfusion therapy for a patient undergoing surgery.
Clinical Manifestations of Haemophilia A child affected by haemophilia is born with the condition and the diagnosis of the clotting factor defect may be made by examination of blood taken by careful venepuncture from the umbilical cord. The liability to bleed excessively is therefore present from birth, but, in spite of this, bruising at birth is unusual as is excessive bleeding from the umbilical In the young child the ankles are most commonly affected but later the knees take precedence (Table  IV) . In schoolchildren the elbows may suffer as commonly as the knee, perhaps as a result of leaning on them while writing. The aim of management of the haemophilic child is to treat and control haemorrhage into any site, particularly into joints and muscles, as early as possible after the onset of bleeding. In this way crippling may be prevented or minimized, and the child allowed to attend school to acquire the standard of education of which he is mentally capable. For this policy of early treatment to be successful it is essential for the patient to be able to get to hospital as soon as possible and to be given his dose of AHG as soon as possible thereafter. At the Oxford Haemophilia Centre the practice is for the patient to telephone the Centre to report that he is bleeding, then to telephone the ambulance service direct if he does not have his own car, and arrange for his own admission. In our experience most general practitioners with haemophiliacs under their care agree to this arrangement and the ambulance service for their part are usually prepared to accept calls from patients providing they have received a letter from the general practitioner or the hospital concerned explaining that the patient is a haemophiliac. The patient should be seen and treated as soon as possible after reaching hospital. He should not be expected to take his place in a queue in casualty department and end up by being seen by an inexperienced casualty officer. Ideally he should go to the ward or treatment area where he is to be given his dose and should be seen and treated by a doctor experienced in the management of haemophilia. In the case of children it is particularly important for the child to see the same faces at each visit. In this way the child soon loses his fear of attending hospital and may even request to be taken there as he comes to associate it with relief of pain in friendly surroundings.
Education. Because of his proneness to bleeding after minor injury the severely affected haemophiliac should not be employed in jobs which put severe strains on his muscles and joints. He should try as far as possible to find employment which requires him to use his brains rather than his muscles. A good education is essential if he is to find himself such a job. Unfortunately because of the recurrent episodes of haemorrhage the haemophilic child may lose much time from school. His problems are further added to by the fact that many head teachers are not willing to accept a haemophilic child into their schools because of the responsibility of supervising him and the fear that the child might suffer a severe haemorrhage while at school. This latter difficulty can usually be overcome by explaining to the head teacher that the boy is no more likely to bleed to death in the classroom than any other boy and that the commonest manifestation of the condition is bleeding into a joint or less commonly a muscle, and that the teacher's chief responsibility on such occasions is to arrange to have the child admitted to hospital as soon as such a haemorrhage takes place. Having decided to take a haemophilic boy into the school most teachers are surprised at how little concern they cause.
The of the knee with consequently increased disposition to bleed into the joint. The importance of exercises to regain quadriceps function after a period of immobilization is discussed later.
Management of Bleeding in Haemophilia
In this section we shall discuss the principles of replacement therapy, the therapeutic materials available for the control of bleeding in haemophilia, and the management of the commoner types of bleeding.
Principles of Replacement Therapy The aim of replacement therapy in haemophilia is to raise the patient's blood factor VIII concentration by transfusion to a level which will promote haemostasis in the lesion being treated and to maintain this level until healing is well advanced. Lesions of different severity usually require different levels of factor VIII in the blood. For example, the level of factor VIII required to attain and maintain haemostasis after major abdominal surgery is higher than the level required for spontaneous haemorrhage into a joint. Table V shows the different levels of factor VIII regarded as necessary for the control of bleeding from different lesions. These recommended levels are intended only as rough guides and may be higher if the injured part is infected or being constantly moved, or conversely may be lower if the part can be easily immobilized. Therapeutic materials available for treatment of haemophilic bleeding.
Whole blood. Because of the lability of factor VIII on storage at +4°C, whole blood may be poor in factor VIII activity and should not be used for factor VIII replacement therapy. In addition to being low in factor VIII activity, whole blood can rarely be transfused fast enough to attain a reasonable haemostatic level in the patient's circulation. In the treatment of haemophilia whole blood should be given only to replace blood lost and not as a source of factor VIII.
Fresh frozen plasma. Plasma which is to be used for the treatment of haemophilia should be separated from the blood cells as soon as possible after collection and preferably within 3 to 4 hours of donation. After separation from the cells the plasma is rapidly frozen and stored at -20°C to -30 'C. At this temperature there is very little loss of factor VIII activity in the plasma over 2 to 3 months. Plasma is effective in the control of spontaneous haemorrhages into muscles and joints, especially if given soon after the onset of bleeding. A dose of 10-15 ml/kg body weight (i.e. 7-10 units of factor VIII*) infused over a period of 45 to 60 minutes will raise the level of factor VIII in the patient's plasma to 15-20% of normal. When treating babies or small children it is wiser to use cryoprecipitate or a freeze-dried AHG preparation rather than plasma which could more easily overload the circulation.
Cryoprecipitate. When frozen plasma is allowed to thaw slowly at +4 'C a proportion of the plasma proteins remain insoluble in the cold. This cryoprecipitated fraction of plasma, which can be recovered simply by centrifuging the plasma after thawing, has been shown to be rich in factor VIII activity (Pool, Hershgold, and Pappenhagen, 1964) and has been found to be effective in controlling haemophilic bleeding (Pool and Shannon, 1965) .
Cryoprecipitate is relatively easy to prepare and can be produced by most Blood Transfusion Centres. It is dispensed either in plastic bags which contain on average 75 units of factor VIII or in blood transfusion bottles which contain approximately 150 units of factor VIII. The material is stored deep-frozen and is reconstituted for transfusion by thawing at 37 'C and adding if necessary a volume (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) Most patients become resistant to treatment with a particular animal AHG preparation within 7 to 10 days of starting treatment so that their factor VIII response after transfusion of the dose gradually diminishes. This 'resistance' does not seem to be due to the appearance offactor VIII antibodies since such antibodies have not been found at this stage of treatment. Moreover the patients still respond to the alternative animal AHG preparation and to human AHG. Both preparations of animal AHG are potentially antigenic and in addition can cause thrombocytopenia. Because of these drawbacks it is advisable to reserve bovine and porcine AHG for use in life-saving surgery when there is no cryoprecipitate available or for the treatment of patients with factor VIII antibodies who are bleeding disastrously. Animal AHG preparations are particularly useful in this latter situation since they are commercially available and also because of the fact that porcine and bovine factor VIII are in general less susceptible than human factor VIII to the action of factor VIII antibodies.
When considering replacement therapy to control haemorrhage in a given patient the doctor must assess the severity of the patient's lesion, decide on the level of factor VIII required in the patient's blood to obtain haemostasis, decide on the therapeutic material to use, and then calculate the dose of material required to achieve the desired factor VIII level. In the case of a patient undergoing surgery the doctor must also decide on the duration of replacement therapy.
(1) Severity of lesion. In general, spontaneous haemorrhages require a lower circulating level of factor VIII for their control than haemorrhages after obvious trauma. Most spontaneous haemorrhages into joints and muscles, especially if seen within 2 to 3 hours of onset, respond satisfactorily to plasma in a dose of 10-15 ml/kg body weight. This dose will raise the patient's level of circulating factor VIII to 15 to 20% of normal. If it is desired to use cryoprecipitate, the same level of factor VIII can be achieved in the patient by giving a dose of cryoprecipitate containing 10 units of factor VIII per kg of the patient's body weight, or if one wishes to express the dose in 'bags of cryoprecipitate' the dose is approximately 1 bag/10 kg body weight.
The approximate levels of factor VIII required in the blood to control bleeding in different lesions are shown in Table V 
Management of Some Specific Problems
Recurrent haemarthroses with the danger of crippling, and the need for dental extraction are perennial problems in haemophilia so that the care of joints and teeth is a very important aspect of the management of the haemophiliac. We shall therefore discuss here in some detail the treatment of acute haemarthroses and the care of the teeth in haemophilia. Also, the question of immunization and its hazards from the point of view of haemorrhage often causes much concern to parents and to doctors looking after haemophiliacs. This problem will also be discussed.
Acute haemarthroses. Because of the frequency of haemarthrosis, the severe pain which may be associated with the condition, the loss of time from school, the danger of severe joint damage and permanent crippling, it is important to treat bleeding into a joint as soon as possible after its onset, preferably within 1 to 2 hours of the child complaining of discomfort in the knee. The treatment of haemarthroses has 4 main objectives: (1) to stop bleeding into the joint; (2) to relieve pain in the joint; (3) to maintain or restore joint function; and (4) Within 24 to 48 hours the acute pain has usually settled, and it is then possible to dispense with this temporary splint and start to encourage periodic joint movements or if necessary continue immobilization with another splint with the limb in a more functional position. In this latter situation static muscle exercises should be started as soon as the child is free of pain. It is especially important in the case of haemarthrosis of the knee to start static quadriceps exercises as soon as possible since the quadriceps muscle atrophies very quickly after a haemarthrosis, and prolonged immobilization leaves the knee unstable and prone to further bleeding. From static quadriceps exercises the child should proceed to straight leg raising, then to gentle flexion exercises, and then to partial and full weight bearing. It is probably wise to give factor VIII replacement therapy during the first 2 or 3 days of weight bearing, especially if the haemarthrosis has been severe and there has been much muscle wasting.
With patients now seeking treatment for haemarthroses early and with effective therapy with cryoprecipitate and AHG concentrate becoming more widely available, aspiration of blood from the joint is rarely required. The following factors should be considered before carrying out joint aspiration.
(1) Size of haemarthrosis and degree of pain and tension in it. A large, tense, and very painful haemarthrosis should probably be aspirated if only to relieve the severe pain in the joint. (2) Time interval between onset of haemorrhage into joint and admission to hospital. If there is a delay of more than 24 hours, aspiration of the joint is often difficult and it is seldom possible to empty the joint completely. This is presumably due to the blood in the joint having clotted. (3) Type of joint involved. The knee joint is the joint most commonly affected by haemorrhage and may contain up to 200 ml of blood. Such large volumes of blood may take many weeks to be reabsorbed and even then resolution may not be complete. For this reason the knee joint is the joint most frequently aspirated. Haemarthroses in the elbow or anlde joints are usually relatively small, are absorbed rapidly, and so rarely require aspiration. (4) Presence or absence of antibodies to factor VIII in the patient's circulating blood. Aspiration should never be carried out if it is known that the child's blood contains factor VIII antibodies. The risk of serious haemorrhage as a consequence of puncturing the joint are high and more harm than good may be done.
Care of teeth. The main aims of dental management in haemophiliacs are: (1) to prevent gingival disease and dental caries and so preserve the teeth; (2) to carry out dental extraction when this becomes necessary, as safely as possible.
The prevention of gingival and dental disease is based on educating the patient from an early age about the necessity for oral hygiene. He should be instructed to brush his teeth regularly and at least twice each day, to avoid sweets and excess carbohydrates and to make 6-monthly visits to his dentist to have dental inspection and any necessary fillings carried out. These procedures can be undertaken by the family dentist without factor VIII therapy and in most instances without any local anaesthesia. If local anaesthesia is required this should be achieved by papillary infiltration. Anaesthesia by means of nerve block should never be attempted because of the danger of bleeding into the soft tissues of the neck and floor of the mouth.
When the preventive measures fail and dental extraction is required the child should be admitted to hospital to have this carried out. Dental extractions are carried out under general anaesthesia with the patient intubated via the mouth. With regard to factor VIII replacement therapy it was our practice until recently to give the patient a transfusion of cryoprecipitate or AHG immediately before dental extraction sufficient to raise his blood factor VIII level to 30 to 40% of normal and thereafter to give daily doses of cryoprecipitate for 7 to 10 days until healing was complete. During the past 4 to 5 years there have been reports that the antifibrinolytic agent epsilon-aminocaproic acid (EACA, Epsikapron) is effective in reducing blood loss after dental extraction in haemophiliacs (Tavenner, 1968) . We have confirmed this work (Walsh et al., 1971 ) and our regimen of treatment for haemophiliacs undergoing dental extraction is now as follows.
On the morning of operation the patient is given a transfusion of cryoprecipitate sufficient to raise his factor VIII level to 50% of normal. This is followed by intravenous EACA in a dose of 0-I g/kg body weight. After extraction the patient is given EACA by mouth in a dose of 0 1 g/kg every 6 hours for 7 to 10 days. The In other cases, the general practitioner may be willing to give the child his injections. Home treatment can be much less traumatic psychologically than treatment in hospital and may prove to be more economical in terms of material used since a smaller dose of AHG than would be used in hospital, given early, will often arrest haemorrhage. Rabiner and Telfer (1970) Factor VIII antibodies. Approximately 6% of the haemophiliacs registered at the Oxford Haemophilia Centre have antibodies to factor VIII in their blood. These antibodies make the treatment of haemophilia extremely difficult since they rapidly destroy factor VIII transfused into the patient. The antibodies presumably appear as a consequence of treatment with factor VIII-containing materials but at present there does not seem to be any clear relation between the development of antibodies and the type or amount of factor VIII used in the replacement therapy. In many patients, the level of antibody in the blood diminishes spontaneously over the course of 1 to 2 years providing factor VIII-containing material is not given to the patient. Unfortunately, the antibody usually reappears within 5 to 7 days of the giving of factor VIII.
With regard to the management of haemophiliacs who have factor VIII antibodies it is the policy at Oxford to withhold replacement therapy in cases of minor haemorrhage. In the case of muscle haemorrhages which are threatening to compress nerves or blood vessels, or in the case of haemarthroses which are large, tense, and painful and presumably causing serious joint damage, large doses of cryoprecipitate are given in an attempt to achieve haemostasis and promote healing. For example, a child might be given up to 1 bag of cryoprecipitate per kg body weight twice daily. A similar regimen might be used in the management of life-endangering haemorrhage but in this situation if there was no improvement within 12 to 24 hours of starting treatment or if the patient's condition deteriorated, it would be justified to use bovine or porcine AHG. Both preparations are available commercially* and in large amounts, and have the added advantage that bovine and porcine factor VIII are usually much less susceptible than human factor VIII to the action of factor VIII antibodies. 
